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OHMIC TRANSPORT CONTACT FOR A~B~-TYPE PHOTOCONDUCTORS 

S. V. Svechnikov, Yu. 0. Tkhorik 
and Yu. G. Pys'menniy 

ABSTRACT 

Experimental investigation of t he  app l i cab i l i t y  of CdO 

f i l m s  as transparent ohmic contacts with CdS (s ingle-crystal  

and f i l m  type) photoconductors. 

e l e c t r i c a l  propert ies  of  both CdO films and CdO-CdS contacts 

indicate  t h a t  t h i s  type af contact should be w e l l  su i ted  f o r  

use i n  photoelectric devices, pa r t i cu la r ly  i n  the  case of 

longitudinal. photoconductivity. The CdO films investigated 

exhibi t  low r e s i s t i v i t y  and temperature dependence over a 

wide temperature range, combined with a high transmission 

coef f ic ien t  and a l inea r  current-voltage charac te r i s t ic .  

The determined op t i ca l  and 

Introduction &* 
Cadmium sul f ide  type photoconductors (CdS, CdSe, CdTe) became widely used 

i n  the production of photoelectr ic  devices (photoresistors,  photocells, photo- 

capaci tors ,  photopotentiometers, phototriodes, photoamplifiers) . 
t i m e  t he  problem of producing contacts for these semiconductors s t i l l  cannot 

A t  the  sane 
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be considered completely solved. Contacts a f f ec t  s ign i f icant ly  the character-  

i s t i c s  and the parameters of photodiodes, espec ia l ly  t h e i r  current-voltage, 

t r ans i t i ona l  and frequency charac te r i s t ics ,  t h e i r  noise l e v e l  and s e n s i t i v i t y  

threshold as w e l l  as sens i t i v i ty ,  s t a b i l i t y  and service l i f e .  

For the  majority of prac t ica l  applications it i s  necessary t o  produce an 

ohmic contact between the  photoconductor and the  metal e lectrodes which i s  
cbcl,+cL-f&r;jeG by a / I ~ C & ~  c brr-pjzY- v c / f e ~ e  

dcharac te r i s t ic  and low noise l eve l .  This insures  %uff ic ien t ly  low threshold 

sens i t i v i ty .  

For many photodevices t h i s  contact must be not only ohmic, but  a l so  t rans-  

parent i n  the region of  spec t ra l  photosensi t ivi ty  of  the semiconductor. N a t u r -  

a l l y  t ransparent  contacts of CdS and its analogs are  obtained by means of 

I n  0 

from t h e  above l i s t ,on ly  the  indium contact i s  ohmic. 

duction of semitransparent indium contacts i s  extremely complex (ref. 1) and it 

finds very l i t t l e  application. Thus, the development of technology and the  in- 

ves t iga t ion  of the  properties of transparent ohmic contacts for cadmium sul f ide  

types of compounds i s  s t i l l  a real problem. 

Sn02 or t h i n  semitransparent indium and gold f i l m .  A t  t he  same t i m e ,  
2 3’ 

The technology of pro- 

It i s  w e l l  known ( r e f .  2) t h a t  bombardment of t he  CdS surface with ions 

produces l i n e a r  contact,the properties of  which are l i t t l e  dependent on the  

m e t a l  which w a s  used. 

cadmium sul f ide  with ions) a ce r t a in  f rac t ion  of CdS molecules dissociates .  pro- 

ducing a t h i n  cadmium-enriched layer  or even a t h i n  f i l m  of metal l ic  cadmium, 

which i n  f a c t  produces the  ohmic contact with the  semiconductor. 

favorable propert ies  were displayed by the cadmium contact produced by cathode 

sput te r ing  (ref.  3) since the cadmium oxide f i l m ,  produced by a react ive cath- 

ode sput ter ing of cadmium i n  air or  oxygen atmosphere,has 

This stems f r o m  the  f a c t  t h a t  during bombardment of 

Especially 

high n-type 
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conductivity, which is determined by the excess Cd. This should favor /41 
the production of ohmic contact with a single crystal or semiconductor film, 

since the semiconductor in the beginning of the sputtering process is processed 

by ionic bombardment. 

Depending on the sputtering conditions one may obtain cadmium oxide film 

which is transparentL&lmosfJoverlthe whole range of the visible spectrum, i.e. 

in the regions of spectral sensitivity of cadmium sulfide, selenide and 

telluride. 

In view of these considerations)we investigated the properties of contacts 

of single crystals and films of cadmium sulfide with CdO films produced by 

cathode sputtering and also optical and electrical properties of cadmium oxide 

films as material for transparent ohmic contacts for CdS-type semiconductors. 

1. Technology of Production of Cadmium Oxide F i b  

Cadmium oxide films were obtained by cathode sputtering of metallic cadmium 

in a low vacuum. 

The backing is placed on the water-cooled iron anode. From reference 4 it is 

known that to obtain a uniform thickness film,the ratio of the cathode-anode 

distance to the diameter of the cathode must be as small as possible. On the 

other hand the cathode-anode distance cannot be any less than a certain value, 

since for intense deposition of film it is necessary for the backing to be 

placed at the boundary of the dark space and the negative glow discharge. 

optimum cathode-anode distance and other parameters, selected experimentally, 

were as follows: diameter of the cathode--6 cm, cathode-anode distance-- 

1.6-1.8 cm, current--50-70 ma, - potential--600 v, air pressure--0.4-0.65 mm. 

During the deposition of cadmium oxide on the glass backing, the glass must 

The cathode was producing cadmium in the shape of a disk. 

+P 

The 

first be covered and after the establishment of stationary discharge, which 
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corresponds to the working current, the cover is removed. In obtaining trans- 

parent cadmium oxide contacts for single crystals and cadmium sulfide films, 

sputtering was conducted beginning with 10 e current,after which it was grad- 
ually increased. 

on the surface of cadmium sulfide. When the above parameters are met the rate 

of deposition of cadmium oxide film comprises 500-600 i/min (fig. 1). 

2. 

c 

This enabled us to avoid the production of an opaque Cd layer 

Electrical and Optical Properties of Cadmium Oxide Film 

All of the obtained cadmium oxide films had n-type conductivity. Their 

resistivity, measured by the 4 probe method (ref. 5) ,  was inaependent of temper- 

ature in the -100 - +70°C range and comprised (3 .2 -6 .4 )~10-~  ohm-cm. These data 

do not contradict literature values (refs. 6,7), although the fact that resistivity 

is independent of temperature in the broad temperature interval is not a trivial 

fact and w i l l  require more detailed investigation in order to be explained. TWO 

possible causes can be cited for this effect: formation of an impurity zone and 

formation of bridges with free excess cadmium. 

A direct measurement of the resistance of the film gave results which are 

in agreement with the calculated values from the resistivity. The /42 
measurement of the potential distribution along the length of the cadmium oxide 

film did not reveal any nonuniformity of values. 

Figure 1. Thickness of CdO film as a function of deposition time. 

1 - cathode-anode distance is 1.8 cm; 2 - 1.6 cm. 
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Figure 2 shows the spectral dependence of the transmission coefficient of 

cadmium oxide films. The dotted line indicates the spectral dependence of cad- 

mium sulfide photoconductivity. It can be seen that when the film thickness 

d 4 4000 llits transmission coefficient in the maximum photoconductivity region 

for cadmium sulfide k 2 0.5.  In the maximum photosensitivity region of cadmium 

selenide and telluridelit increases to 0.7-0.8. 

3. Properties of Cadmium Oxide Contact for Cadmium Sulfide Single Crystals and 

Film 

The properties of CdS-CdO \ere investigated by the measurements of current 

voltage characteristics and noise characteristics and also by the study of the 

potential distribution in the contact regions. During the study of current 

voltage characteristics, indium-gallium eutectic served as tke second contact, 

Figure 2. Spectral dependence of the transmission coefficient of CdO films. 

1 - film thickness 4800 H; 2 - 3910 i; 3 - 3250 A; 4 - 2550 H; 5 - 2200 i. 



which produces with cadmium sulfide an ohmic antisaturation contact. Figure 3 

shows current-voltage characteristics of films of cadmium sulfide with cadmium 

oxide contacts taken at different temperatures with different illumination. The 

characteristics which correspond to the reverse polarity are completely symmet- 

rical to those which are shown here. 

The investigation of the distribution of the potential along the cadmium 

sulfide film with cadmium oxide contacts showed that hear  the gradient /43 
the potential distribution decreases as compared with sections far removed from 

the contact, which may indicate the formation of an antisaturation layer (fig. 

4). The table shows the results of measurement of the low frequency noise in 

Figure 3. Current-voltage characteristics of CdS film with cad- 

mium oxide contacts. 

a: 

of the film at room temperature R 

ture T = 82OC, 2 - T = p o C ,  3, - T = l3OC, 4 - T = ~ O C ,  5 - T = 

-24OC, 6 - T = -llO°C, 7 - T = -1560~; b: 

ations at room temperature (R 

in the dark at different temperatures (the dark resistance 

ohms), 1 - tempera- 4 
= 6-10 T 

at different illumin- 

9 = 3-10. ohm), 1 - illumination T 

L = 1800 lux; 2 - L = 864 lux, 3 - L = 666 ~ U X ,  4 - L = 576 lux, 

5 - L = 360 lux, 6 - L = 234 lux. 
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Figure 4. Potential distribution along the CdS 

film with cadmium oxide content. 

Level of steady 

illumination, lux 

0 

TABLE 

~~~ 

Noise level, Sensitivity Noise level, Sensitivity 
t h r e s h  o I d ,  t C r cs b, e la, 

n ano 1 urn en .Pv h a n o  1 ume n YV 
0 -7 33 *2 0.5 7 

Type of 

contact 

10 

102 

CdO 

40 33 -2  16 44 

120 60 36 80 

Cd 

~~ ~ 

the Af = 270 Hz band for CdS crystals with CdO and Cd contacts. The low noise 

cadmium oxide con- 

levels. 

level indicates ohmic CdS-CdO contact. At the same time the 

tact is poorer than the cadmium contact at high illumination 

Conclusions 

The results of the investigation of the current-voltage characteristics and 

the noise characteristics of the CdS-CdO contact show that i, is a stable, trans- 

parent, ohmic contact. It is the opinion of the authors that the linearity of 

the contact results from the formation of a thin,cadmium-rich film on the 
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I surface of CdS. CdO f i lms  obtained bg t h e  r e a c t i v e  cathode spu t t e r ing  are a l so  

enriched i n  cadmium and t h e  excess cadmium insures  a high conductivity.  The 

I p o s s i b i l i t y  i s  not  excluded t h a t  a t  the  CdS-CdO boundary a t h i n  t ransparent  Cd 

film is  produe& which aids t h e  formation of a n t i s a t u r a t i o n  contact.  
a 
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